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A microporous polyvinylidene difluoride (PVDF) membrane has a 
microporous surface comprising minimum pores, an opposite surface 
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comprising maximum pores, and a thickness between them comprising a 
porous support formed from filamentous webs of polymer material. Also 
claimed are: (a) membranes including: an asymmetric integral membrane, 
where the porous support comprises flow channels having diameters which 
gradually increase along a gradient from the microporous surface to the 
opposite surface; and an internally isotropic membrane, where the 
porous support comprises flow channels having diameters which 
correspond to a first average diameter, which is that of the minimum 
pores, within a first region of the porous support which is adjacent to 
the microporous surface, and having diameters which correspond to a 
second average diameter, which is that of the maximum pores, within a 
second region of the support which is adjacent to the opposite surface; 
the diameters of the flow channels between the first and second regions 
of the support are constant; (b) preparation of the membrane; and (c) 
an improved filtering device comprising an ozone resistant microporous 
PVDF membrane for filtering aqueous solutions. 

USE - In a variety of microfiltration applications including 
electronic water filtration where ozone is present, and in batteries as 
a separator between different cells of a battery, or to house an 
alkaline gel. 

ADVANTAGE - The highly porous, ultrathin membranes have high flow 
rate and exhibit good chemical resistance, tensile strength and 
elongation at break. 
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ft»i£&?f T l^ap#|pj TOffiSfUfciKW** to PVDF i 0 
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2. *XM** 1 #t*#-*l&#4LHYLAR - 461 . 

3. **J**. 1 iH>J&, iE**** 1 % J.^ 30 

4. fc*]** 3 ft*. *t^*^^*.nt**^+^^*^ 45,000 
9,000 it<£*£„ 

8. 6 *t6&a»*J&^— #4L«^«*J. 

11. 1 ttJBI, £ + **JJ&t.— ^t^^f*. 

12. i *«*^r-#4N^^»t#^^, mi&®tf)& 

£4m*t&&& 5 500 . 

13. 12 £ lOpsid 25 500 ^/^\ 

14. 12 <H>J&, ^tJBI^^A'h-f^ 140Mm. 

15. *t#'J^14 6#jJ^, £t£t#>*>£'J>f-^70 M m. 

16. 12 6$J&, i| ^ 0.5 50psid . 

17. &#)£r& 12 &£ll^fr&jllffi^>b&mi&&M.£LftM.% 

is. i * so % ^M-jt^-^^mm^ 

ft. 

19. 18 «J&, *tt«W75 m m. 

20. ;M"]*# 19 *+*J*£4fc-F# 30 m m . 



I 



21. -WM&&fa~&^ttf&ft*&&teyXTft 1 p- ] % L : 
35 C4L|a]„ 

23. ^>J^21 tfi7T&, # t**MWfc***$*jJ*«^tf 50 % J. 100 

24. ^*|*4t21 tf}7T&, jMM$Bfr/3l#$2#.f.#fr 120 *>. 

25. ^'J^-^c 21 # t^8-<Hj^£^ 20 'C J.^ 80 'C^fa]. 

26. &*'J^-£ 21 *t*«^&^^.^#^^. 

27. 26 i^;^, *t^^#"«l^^I6t^^^l:^ 45,000 

28. &*]^-£21 f#^;&, tf&mMlk&tfZ—fr 

29. fr*}grjL28tf}7r&, &^m®MtLteg:&ft&$fmi£. 

30. &*J^£ 28 *t^>«^i^-#t^^^^J. 

31. ^'J^-^21 ^^*,ii^#-#iL^!i:^^^^J^^^-^- 

32. £U'J^j<L31 ttf^;*, 



ttfttfi^&itm-fVMZjlJLfcfc, %*?3>^*L^^jL$i ii.il, 

^ - E i£#i£#Ul^Li&, «^ t >,^ilil# Ji^^-Mb £ -f * £ 

^% jLfrfc% - E. £ 31 sl e *Ml|b] 6$ v,t 3rii.il 

35. fctftfJMt 34 <H>J&, &*Pll^frtt%~\Z^m&T£3l3Lfrfr& 
J$L#) 10 % . 

10 36. M}^%34^m, ^^^^^^^.m^^^l^^M- 

Jttfl 10 % . 

15 W^j&6$>*LjUMs.. 

38. *Sl*J**. 37 ^?liti±^H, * + 4UfclLrtJfc#*tf 3k&& lOpsid 
25 500>g*V£\ 



3 



5 

10 fl-T & ft Jt^xtfatfj pvdf J0|. jML0ltftt^#f*£*M*:f: 

2. 

A/frltf^./ 6 PVDF MI^iTt^^tibTt^^. 
# PVDF ^M&Jfe/fJ f-i±*^^M^J» SI^PVDF fctLte*. ±m T%4r#-¥l 
15 kfr#$AtfaftT£M*L¥j. PVDFi?;fc£#LMM*##UgL 

&TSbfe, N - ^ &«b&%n$>ftftflg. jtb^K 50 J. 140 
fflrt, PVDF*3rjUfrtf4fe«'JMr. 

£@-M'J 4,203,848 t&J£? Grandine %\£-tf)$Lfc$A.iL%&% — 
20 fltf PVDF *ULj0|. *fl|^ffla-^#*i>3r**|#^. &#)-£-i±*Et> 
PVDF 55 TCT*#£««+. *4*J&. 

§151(20/80 i^SMk 55 °C St^L PVDF ^f^T >£jSf 

tJrW&Vf± Grandine 
Benzinger PVDF & & H Bt#r ffl ge.#fft^i&igL#];t^g£ =L it, # 
25 '%-MjL&ft&&&fc&to. JLJtHl-t*] 4,384,047. 

Josefiak 4S*P6* PVDF ^/L# t<# — #. 

JL^gj-M'J 4,666,607 . 

@ 4,774, 132 t . Joffee %A.&ft 7 #J PVDF gr 
#l#-6$ar&-. j^^AL, Pegen ^A^^^^^'J 5,282,971 t^^fT^^^# 
30 ^fllftiif^^^lSt^ PVDF &£S-M'J 5,019,260 t Gsell ^A.^ 
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ff-T xHr6JM-^M&*£^# PVDF i±*4MT. 

Costard ej PCT WO 93/22034 + T#l-& PVDF 

5 J&fafel. 

Sasaki ^ 20 El 1988 4^#&S J M'J 4,933,081 Wfc@-M>] 

22,199,788A( " Fuji ^^'J")t^T— # PVDF tfjm7r.£.%&W 1 t PVDF 
ft S5^"^E|^^^^^)^>1(20 % ), 60 'C , fa*t&Jt 30 % ftf £ 

10 Fuji PVDF J@tM&tf2L#,&. 0.45 n 0.65 u m 4lRJ, 

^ I 100 n mi.110 n m. 

Sasaki <Mt#t. J&#— »L«?;fc 

15 ^ifiw, ^^T^jtb^^^^-#'|t^^#M,^ Wrasdlo(^ 

4,629,583)**t#J&£p#.&^. 
^^^i#J^»14^m^^^^^^f^^^. Wrasidlo & 

£@^M'J 4,829,563 jf* 4,774,039 t##- Zepf ^.^a^M'J 5,188,734 ^ 
5,171,445 t^>^fT^^t#^*^^^^. Wrasidlo tf^J^tfTfc — 
20 £ Wrasidlo "M'Jil^t^ "**t#" 

Wrasidlo Zepf ^#]4*^f7 ftA**t#tf» £-##UL*h&.# 

25 jet- ^#^/ft*^ftati*.^«,ii^*#'iifife. «fltianr4.^ "#*r 

iSj *J A. Zepf tfj 2 '] Wrasidlo -f #»J 

jf«»^**J^*ift.iSL«,^*#A^^ (ii)^T^^j-#iL 
30 $t$$ftMtiL$L&&fc>&- 

(a) *2.^^]^#^^'J^#(-f- *); 



(c) ^***J«.#<S4«$-j|.*.)t^fc(a*); ^ 

(d) tefc^tffcfc^J^TI^**). 

SOL 1 ► SOL 2 — *UK. 

(*Sfc) (^tfr) 

SOL 1 &&±.&—ftM 3 te#]jg.#L, SOL 2 ^Jl^-#^^, ^Ml 

io i*i}Xjt&J%&fr#4M*soL £»*t. &#sol i# 

##&#J-&**, ?liCSOL2^^^, 

#■+, *l4L£&SOL2, &^jfcfctb*J|fc. «^t> f SOLIUM 
lHUfe#*«j^iLASOL2, # tfe*Ufc. &-f-&t, SOL 1 

15 ^i^flK*^^)***, ft&JLft SOL 2 ¥)%.MMr$L¥F, te/s 

>\±#7fo3L%%.mM. & Wrasidlo^gi^t, «T#*»«#tfe-, 

Wrasidio 

*»£.;afc5.^, fctfl^^. i&^&3&#J.^##.#:#, 
30 [5]Bt^-^Sfr^J:5lJ^>^St^afc.. ^. Wrasidio Mgt^rt. #r^&&#*h& 
4UiJ. SOL 2(^-fc^)&. gofct, T»^fc^4:«flfc4.A«JR^^*|-iftJii*.^ 



SOL2 ► %USL 

^-flT^^L^MBtb, it^t^->i-6t ?4:i£4£ Wrasidio JBt^-^jtS^^jej-^fct^j^ 
5 ^ ^$3 JSL. 

^^its^^g; >HP*I#liL >^£4fc#*Ubtel5J, Wrasidio #ri£, 
10 — >M&^ML&ffl&$'P, £*tf£® Wrasidio xfr-f&# 

##fi$J&Ht, Wrasidio «L^4*#.ft3tJlt. Wrasidio 

*»Zepf-£*W-fc-#a$. 

20 -^^S. £ Wrasidio if] sM^Hf!^ t> — *3#3M&&*£ 

"M" #J3. il3tAi£->g "iLaMLfc". -£i8/t4&&, - 



Wrasidlo fa® ffe-f Kg &%fc&i&.$b4%Mm.4LTTf£&& 
*t##> 5 & 'fctfl— A St*** 4fcf*# 

Wrasidlo Jfc^ JBMa*fc C&i&T i£#3ti£ 

Zepf-^'PiHfTSU&tf Wrasidlo 32 JS.Jt^ tfj^>h 

Zepf J&^&i^&f-i&^T Wrasi - dlo ift^, 

Wrasidlo ^-^Jii^^-T PVDF * ^ JL^gl^M'] 
4,774,039 , 6 , 12 , *f 20 - 34 . Wrasidlo -£#]*J4M$ PVDF 

15 £ 6^1^ t *t$UL PVDF J&*#itj^^*t#££#j. g]^, 

#r#C^#L*# PVDF ^^^^-#^Htb^->Jii4^r^^'jF|L*J. EJjfc, 

$3&ii.tf«tJL PVDF j)fc*h *l45-riJ*^*^Sitil^^^*^LPVDFJft# J l 

¥} PVDF 4Mn*£&3UBUU fc^frfltetf PVDFJ0UJMM?J4M5. it 

^;UL##UL PVDF ^4L*4Lpil^$BR4.^^4b^*f^M«^ 
■&£.W¥jtiL rs rMm PVDF HYLAR - 461 #hMT>X 
^ l % J.^ 30 % tlrttfc^^'&atgacPVP), Jt-ffcifetf^jM^^ 
*^ 45,000 PVP . ^L4T. X)fr J f~i#J 9,000 

30 PVP . Mi74£l&%^yAfc&5E.Wft\te&te, #*(HPC), 



# 25 500^.^/^. •fc'ffJttJS-ji.^'hf - 140 u m, -ffc&ttJML'hf-** 70 
M m. 4^##JPt#*M$ 0.5 J.^ 50psid. ;MU9lttJ0lfi$£*L Jl*. 

10 *.4L«W^|5 ^^r^Aii PVDF J&#fc>h3l&3mi&&*>&tel&]&. 

^■^T^'h-f ^ 30 pm. 

4^&###^^ffiliL4fc7*]4h PVDF fi^ar*: &##g&#^ 12 
15 % 20 % ^Jrtfj PVDF , 6 % J. 30 % * — PVP , 

20 #>&^#^>&^r^£^ 21 Ci^ 35 °C, ^L^^^^ta/tTi^^E.^ 50 % 
J. 100 %^Lf8j. H-S^HtfSJ^ 2 *Kf.# 120 *>, ^t 7 Jc^S^ 20 'C J. 
80 *C, S5#>Tg^#; t# PVP 45,000 *4£Mfc4fcJ&, 

25 4fcit*#-t. 

^^fiOIP JL^^Ii^— #^^#*4MBt^L PVDF ££^J&, 

30 ^iLa^^^rx^^-^^^P^lSJ^toLPVDFM. i^^-^ 



* Aiifc^-f i%f&&— fttii&Mmi PVDF &^4frJ&, 4!r%&>hMmi$L 

fc£^4fc#f£oi£E#/W>, lOpsid T#.**afcife#&& 25 J.^ 

500cm/min . 

15 S: m la^4C8«6<j — |SH£<Hl PVDF #I(500X); © lb ^.^^ 

^ — <teF *t# <ft PVDF /&( 1 ,000X); © 1 c ^ 1 d ^M. Costar # -fr^ ^f'J t ?fr 
•f- WO 93/22034 5_*pit4ttf SEMs , S^^- PVDF ^^*^^J(3000X). 

ffl 2^.— SEMs, JL^AW— >hrt^4"I^B'Ii^^^F l Nllffl. ® 
2a A— $,&®(500X). S 2b £JtMltf S(1,500X). @ 2c ^toML&S 
20 (500X). «Jft6^4lt^L4L«mL^*.'h«i& 0.5 n m. 
® 3 A— SEMs , i*4^4LW^— 
.9 3a^v&S(750X). B 3b £-^Ml#B(l,500X). B 3c #UJUM» 
@(1,000X). i&tfLtfjmi&ftifillWXL'bgjXj 2 m m. 

B 4 SEMs , £#>ML#tf — >N**bftJI3t B 4a 

25 (1,000X). © 4b #UUMB(5,000X). i£J&tf ^L&tf fiO*L6$;fc/J^# 
0.45 M m . 

lSJ^^#^>Ai4^^LPVDFJ!3|. ft*f&ftWMkJ&%>% 



■W#Jfc*»&^MUm#i£ft##tfitf SEMs ift**. 

^p^ft PVDF £|(500X); @ lb — ^*t#ftf PVDF 

(1,000X); @ 1c Id ^ Costcer #iMr^*'j t^"?" WO 93/22034 ^ SEMs , 
5 SLtf PVDF 6\j#,dg£##i(3000X). *TVL%&, «C<## isM^J&O 

^^^Xi€^W^^J. ^^Otfc, Costarica lc ^ ld)^^ 
10 %Li£'kMtk#l. 

#0.01 M m. &mi&&&}fcteUi f )X&VLi&itL**l5±Z i ) 8 m m . 
H.$'J, ^^LiL^'h-r 0.01 u m ttJfc— 4tjfca-4£#**JBk 

al*» Wrasidlo^^^t#^t^^^'J^^^^^^ 



^£^&itf^^#^lJ&, O.Ol jj m 8.0 

15 m m^^L4L«. ££^#J t-&4&T,Mf 0.1, 0.3, 0.45, 0.5, 0.667, 0.8, 1.0, 
2.0,3.0^5.0 n mfMW^Jl. i£&4L%— ^JtiLrSj. mi$L&i&t&$b 

... 

Vt&&)J&£L&M^'h&% 3,4, 5, 6, 20^30 m m „ 

%.&yi¥j$f&*Lm. it© u ^ ib. itf4U!l /a 

#J&, Costard® lc&ld)%&'&%%L&thtf)$f i?64.Jft^*JR. 



ft. &&?&^^ftmm!k^±k%), *h&*mMX*&.-*#%iifi i 

Mr*****-***.*. £Mt^->Mt## "AA" EUM/MbUa**: it 
# 'hf-J&^&^Atf 10 %, 4t&*M"T-7 %. 

^MUfltf PVDFJ& *$&$jSL**t&& t ft*p&ftFl'\k«l, 

% , 50 % ik 55 % . ^4L»W^^*'e £*>T***£l*4M*£:>\*>& 60 % , 
10 65 %^ 70 %. *-iLWJtt^^^*«t^*^S«*5fci^^ 75 %, 80 % 
* 85 %. ^J^^^T^^^^^M^^**^^^, ^if^f- 
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Costar t, Costar J&*> Millipore >kj*&] PVDF tti&ff T >b^, J\L 
Coster 4L I , £ 1 1 j£ . £T£ t . $ # J&6t afcitsf* Costar Millipore 
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0.22 






8-10 
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0.3 


31 










0.45 


78 
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38 


1.15 
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vi^: ^J^t^T^^l^'h/S ^ m , ?Jj%tf] Q 10 

psid . 



^#^^^^it^L^^'J^b)5!'l-^,^ Millipore $yi^i££l^Mr6^L;^.K % 

- 25 n m, ^^^-^11^25 50 m m. ,MCBfl ^*t#J&i£lr tb 
15 ^^^^^^^l 5 !'^^^— ^'JXti4^^^#^>!|-^^ 60 
^ 125 ja m^faT. 

*J-^*2t#<tfJ8l, ii^GW&jS^fc 21 'Cfc35 "CiLfa], ^^J*!^^^ [5] 



ii 



4MmJN3U4fc-f 21 35 1C. t» 

<ftifr^J&&#;£, J&M~fc&g*it. ^^^^HtfaJ, ii^ 5 ^ 10 
*> 5.^ 1 i£ 2 -ffc&J?34£.itjitf 60 % 100 % 

^mt^m^ mt&j&fcikM 45 x:^ 70 r4usi. 

^Jiii^*^T*Jlb*^r'fe.^i«.ai44.ife60PVDFJBt £fl*Ji. 

%L*A PVDF j&ift jfc ISJ ^ug^l ;t *t#> Wrasidlo — M 

%.mj&tfj&&fai&. 3L#^tt PVDF J&**4.i£#, i£iM8*4l»!/ittJBItt 
^LP^^^^f-^^"^^ PVDF Jft. 

^ft^Mfe^ 1994^3 ^ 4 Jt@^Jt-*^?'J^ 08/206,114 f#L 

*L, *»^n?|-fJWit*.^*.'J^ 1.0 H m^-f-^^L^'h^ 0.8 M m^jg. it 
30 *M87rt-*P "ffliMr it^. Wrasidlo **ZepfJ&t 

A. ii#tT^#5'J Michaels ^U^M'] 3,615,024, #5*'], 43 - 54 # 
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£#. 7 £*-%-^#b4%J&±$]&'r frith &-&M , %r%&MfSjfc 

si^E it^^^^®^^.^. £.m&%> sem jau +4.*n4*/»T*, 

5SAIf.ft7, *P#.*#*flMr«, PVDF «|4L"sr«^A^ftA^^*3f 
10 42-%_, ej%¥}£.m:j$LW-!*>&iL%>&grtfji£, PVDF T«&&4fc-fc.&#. 

^7^/ t W«t*6t^ag^ PVDFflU, &^£tf*k>3r, ?p 

4&Btft^!S], PVDFi£1jf«^^£^&^. gj^, £/ t PVDFj& 
Bt^^^il^^«^— ^^-a^iiii-H-jt-lfc— ^. ^'J PVDF J8I 

£ 20 3t^. 

m &}$L&ft>&M& ZONYL(^i^^5] , Bloomington , ##^*H)jf» TRITON 
X- 100(^^*r^#J, ^Sfc^fl). 

-£(HPC). hpc *ta^r*4.*e.jftaA.^ HPC #-S£&#>S-t; 

30 T^^-#il^#t^i&^a#J, #-*k^4HPC^#. a«*]-&T>5l;M*kfc 



^M^g^>U^t» f£TPVDF*K &t-W%^tf}%L&%}, -fr, %l 

jLM.>y%\%. 2%, 3%^5%(^:*). 

20 4£^&Wftm^fci£ftT&Jkmif'£$f&. 4M^L 9 ^PVDF t£^f 

46 1 (Ausimont 3 £ , Morristown , #r>% & KYN AR - 76 1 ( Atochem 



3k&M 1 
at jjjj ft&*6 

^HK.*JT^«15.9% PVDF|^^^HYLAR-46K 0.9 % 
4E. 3.7 2.3 %^.^#nfc^KI(PVPK 17MW - 9,000 , BASF , 

5 Mtolive, #^^^)^ 77.2 %— ^^^(DMACM^^^J^^#g&#. 

7mils(178 ' u m)ft%.4%7J & ft m&&J®-&^±%,4% J 
JL^f&fttf-g,. ^#^§£.#^#^^^6^^-^^ 32 *C. &#;s-, «.J 
4u&itfJBt£.25 - 27 *C, 100 %i&80 % ^^bS^ft^ t^&7 * [5J^Ht 
JMtlll. 60 -c^^t^.^. 

10 *U&>&, ^^-^^Tjc^, ^^^1 0.1 %^J-^^^(HPC)^7iC 

i£&*t:®10 - 15*>fcl£-£7K, ftft^-ftfi. m%2mtf&Jk£-25 u m 
^30 m m4Lf3J. ^— ^J&#£ lOpsidT, Jfl— ^JU£ 47mm <Hl>t(^ 35mm 
^fs£ JL^£, 9.5cm 2 ffi*R)aH;t 7 M^^»fo£3l^'-h$ Coulter *t 

15 S 2a - 2c 7#*& 1 - b ft^K^ft SEM 

S(S 2a)^M%mJ&ft&fai£%&&-tjL£~fam>&ft. te&&&fr&fttft 

^&.mi%L& *&$r^i&*tftll. mi$L&fr%LlljtL&ll^'hftg. 

-frTTM&ittt&L&tfl&fift SEM(S 2b)#»*ML&## SEM(g 2c)Jng-%&% 

tb. 

20 lUMHIs ^^y^-ir^^^^L^'J^'J-f-^ in +. 

. jtm 





4Ut 




(u m) 






1 - a 


8*> 
100 % 


377 




3 m m 


0.1 m m 


1 - b 


10 *> 
100 % 


694 


0.85 


20 p m 


0.5 n m 


1 - c 


30 f> 
100 % 


800 


1.0 


20 M m 


0.8 m m 


1 - d 


20 *> 
80 % 


94 




NA 


NA 



15 



1 - e 


120 *> 


1364 


1.9 


30 M m 


2.0 n m 




80 % 











viL^f: ^^>j?uJ:#-^^fi-/^/9.5>g.^. 2 Q lOpsid 



II 

T &%k1£ s k 16 % PVDF HYLAR - 461 , 8.0 % fc, 

5 3.0 % PVPK-17^73 % N - ^nfc^&Sm^J^']^ R^BX 
7mil ^y^TJ^^^^Mm^^^X^l mA-^^^ 
Js, Wl!k-&tfl%L&25 ~ 27 'C^p70 "/iMSM^^tl-f TT^^Bt 
ft, JMUV. jHU£, J&£>&&^60Cfft^t*£^. 

<8UtU&, JBUfl-i-J&^tf.ifcjfr, 0.1 % HPC teJ&£ 

10 mWWk#l%-Jt&25 M m*>30 n m^LfSJ. ^10- 

psid T # — >h JU£ 47mm tf> # >J!>J £ 7 J&#j^i£'&. SEM 

SEM^A^B 2a - 2c ^ai^^M*). #tifc#SEM*t 

15 *.^**lfc*^L^*.'h?']^IVt. 



^IV 









(^fu— ii) 


(*t#— &) 


2 - a 


10 & 
70 % 


66 


3 ju m 


0.1 M m 


2 - b 


120 *> 
70 % 


344 


4 m m 


1.0 M m 



^<^*^#-te^:flV^/9.5^ 2 a lOpsid 



g^Lgj III 

20 &-f-&£#'J 11 #r#J#^J&**£7;Ul, ^n^tT^T^^^^^: 

&4nm%] 20 % PVDF HYLAR-461, 5.0 % 1.5 % 

PVPK- 1 7 ^ 73.5 % NMP #J &4£gil*h J3 fSJ 1$ # 7mils 6* &#77 £ 



- 27X^70 %*^ataLT*4^t«T^«*ft«-«. A*V. jp| 

55 t^^^tjstfc,. 

JBl^-i-^-f *-i5t^, 0.1 % HPC 

5 #*J#J&tfJML£25 |im^30p m^fij. & lOpsidT, 

m-4-M.& 47mm 91 $L7 ft SEM ^-J&tt&iS^Mltf. 

10 _ ^LV 























3 - a 


60 *> 
70 % 


297 


3 M m 


0.3 M~m 


3 - b 


120 igjr 
70 % 


2542 


20 m m 


2.0 m m 



is* *ttiiit*#^te4JE^/^/9.5,£;5|i 2 a lOpsid 



g^/gj IV 

1 5 4tSB'l £ St i'SJ 6*1 . 

^.-fnSe.*] T -frte-fk 16 % PVDF HYLAR-461 , 8.0 % 3.0 % PVPK 
- 17, *>73 % NMP^^^J^^#S£.#. 7miles^^#77^^ 

t:^70 100 %^3tta^T^^t**T^|SlBtfiJ, JUL VI. 
20 55 C6#j^t^fc. 

&J?J-£&-f-#.}&&-, #$0.1% HPC ^^^AhJE^^^, 
#£VN&. mMf&tf)M-Jk&25 nm^30n rn^fa). £ psid T, ®- 
4^fc& 47mm ttJfaHfc 7 ffl SEMJM&fctf . 

S3a - 3c^tfa— >H*.32tfJBl6$&£.. it^#p* 4 - c £-|S]#]-&-6« 
25 6*SEM&*'J®. S 4a^L^&t^-^^tbjfp^^.J I^-^^@ 2a t^M^. 



t^J^it't^f-^^L^^iL^^ii^^L. tbi^^L^^6t SEM(^ 3b)3*#L 
5 ^>^l:^#^L^^'J>?"]f-^VI t. 



10 

^ VI 













4 - a 


10 0 
70 % 


66 


3 ju m 


0.1 ji m 


4 - b 


120 

70 % 


344 


4 m m 


1.0 m m 


4 - c 


10 *> 
100 % 


1690 


20 n m 


2.0 m m 


4 - d 


60 *> 
100 % 


502 


5 jj m 


2.0 m m 



7K^^ u J:#-^*ff-/^/9.5^^ 2 Q lOpsid 



rt:!£j8|4 - aM4 - c tf)>mi$LW&iZ&&T 70 % 100 
15 3f^3&8tfBj-r^^S^^#^. 14 - d«4 - c^MSL, 

%jfeM v 

20 "ft 

^nfSe.*] T^^** 13.8 % PVDF HYLAR-461 , 6.9 % -fcHfc, 1.7 % 



2.0 % PVPK - 17 #> 75.6 % — ¥ ^^Sfcjfe(DMF)^^^J^^#g5^. 
7mils ^^#77^^^^^#^^-L^#T^^m^#«?a„ 
8'J 25 - 27 X:^a 100 %^a^T^t^^t«T^|S] 

8*1*1, JMlVII. jth>&, 60 C^^jc^t^.^. 

5 ^^^r^-f-^^r, 0.1 % HPC #^>&*tJ£4jtj&ifc 

^, ffl^^-fi^. ?h%W#1&tfjM-Jt&25 M m^30 m m^LfSJ. £ 10 psid 
T, 47mm ^X-l'ItTl^^li. *J SEM ^SM^^^ 

10 









(*>$L--i£.) 


i£) 


5 - a 


10 *> 
100 % 


682 


5 m m 


3pm 


5 - b 


60 

100 % 


199 


6 m m 


5 m m 



>i#: 7jc6t>/ u J:^^-^^ft-/^/9.5^.7K 2 9 10 psid 

VI 

15 ^'fnSe.^JT^-fet:* 15.4 % PVDF HYLAR-461 , 7.4 % 77.2 % 

DMF6 ^i§l^]^^#ge.^l-. Jf)fi]P£;$ 7mils ^>J&#^^#^r^^^i^c 
Ji>jM£T^J8lW«iS>. >)i4%&, m£M}&&25 - 27 'Cjfp 100 
^T^^^t^ST 10*>i&60#\ j*J&, J&fcia,£.# 60 TC^^Jc^t^^. 
*Ut,£> m&ft 0.1 % HPC <tt^&*t*£4jtji5|£ 

20 tK, /flg^-^. 

WtfjJ&^A^ 1 - KOH(pH ^ 14)<tf ft#3&&i§iHjit>&t. 

vii 

25 jU^^fo^gU^t^ 



^fia&^lT^^** 15.4 % PVDF HYLAR - 461 , 7.4 % fcfr 77.2 
% DMF #U&&*J#ifc4$«.4f. J8i31l*# 7mils X &$.Zstiti&BJkfft 

#^#Ji&4%T«>H0l*$#&. *4*J&, «0£A*$JBt&25 - 27^100 % 

^a^tf>^s^t*.«.T ioiuo#\ jRjgr, 60 x: 

5 fitffc. 

^i^^ifc^, 0.1 % HPC #*>&$&*tS#J&ifc 

1Aft¥i-J&3k\& 1 ~ KOH(pH th 14)#i5iWlfcBStt*>*.*. 

& t * j&4uut3p&*rtt a *f a* 
10 *mmt# 



41 VIII 











(*) 


(M m) 


(JL/Mfc 2 ) 


(%) 


1 


30 


725 


77 


7 


30 


700 


65.7 


14 


30 


748 


69.2 


22 


30 


793 


64 



g&ff'j VIII 
?Mt# PVDF J&#j#J^ 



15 £/fn*4#T£*** 14.6 % PVDF HYLAR - 461 , 18.8 %*t&S£, 

4.8 % PVPK^OC^f^^* 45,000), 2.3 % ^jfc 59.5 % DMF fit 
#h 7 PVDF #1 fajl*Mj 12mils tfj$b&7J 

%LZj%rfejlL&.¥j&& i $jL. m>ft%L&%}ft#& 21 t:^ 35 X34LfSJ. &4£;t, 
«'J4.A^^ 25 - 27 'C^80 %>te*tSAT>fc£^t*&7 25 *>. 

20 56 TC t 

70 VT'titf-, J8-47mm £:f£fi$#£.lO - psidT*]£.7 
J&^if^li. ftMl&tfiM-Jt&ft 70MmIlOOnm. $ SEM 

25 ^^^«L^^ii^^iti±*^^t^m^^^#^^a 



^ IX 





^#&*(**|7£-/9.5,£i|l 2 a lOpsid) 




8 


750 


0.45 m m 



&4# T ^£r* * 14.6 % PVDF HYLAR - 461 , 1 8 % *&j£S|, 4.8 
% PVPK-30 , 2.3 % 7K#p 60.3 % $t#>£#Jtf DMF #g£#, #]#7 iMt**t 
#tf PVDF m®m% 8.5mils ttfa&7Jfc&ft&&n^tf?fe%L&tf)& 

fc4fc&, JH£AtfJ&&25 "C " 27 100 %;feJ*aL£.T££*lt*Jfc 
7 25#>\ ^^>1^50'C^7jc>§-t^t„ 

*J#,&, JBM3*&^#.$fc>&, -fr/3 0.1 % HPC#^&&J£<jUgM?;jc. 
flk&^^t^Nk £ 10 - psidT, Jfl - 47mm TJ0U*J#-i&l4.. 
■¥-*&&*'«fal*.'h# Coulter *UUt*|5t. $##/&>M.£ 50 n m 75 u 



^.X 





^^j^*(^#/^/9.5^iK 2 a lOpsid) 




7 


769 


0.667 M m 



gL&gj x 



&in&m%&w vm m^^^mM^i — A- pvdf &, «£— ^es^ 
HPcst*fj&*t«. fctffo^frmitfi&'hfr&ixftfj&mnft. is. 

"ffiffi )&M ^"-H- j* , Zonyl, Triton, PVP #p HPC . 

XI 

ftjPj^fH£ PVDF &¥} $} 4r 
£/fflfc#)7 — VIII — &#S&£h ?HN&7 — #f*l^fr 

|SM£tt PVDF i*fcftl&1%i&m.tf-';&&!®,i3.J&gjT 35 r. Q 3a 



mm, m 3bfr3cfr&JUt$JtLftfr&.fttil#. M@(@ 3a)^T^^-{feM 

W IK^Mf^;^ £#31&#J. £6$*L*lr#JjM^l'S8 <Hf F*3^t$j 1SJ 

PVDF /&<tfft&£*Mr1iL 
5 XII 

HYLAR - 461 KYNAR - 761 6frEME, 

— WVLi&tfj PVDF HYLAR - 461 Til ^ 

m&tfj PVDF ^^-^ KYNAR - 761 . ft PVDF & 

4^L^i&JM HYLAR - 461 , KYNAR - 761 XI tft 

io tf-mwtmtfjttM: 



Jk xi 





HYLAR - 461 


KYNAR - 761 




1.75 - 1.77 


1.78 




0.56 - 0.57 4fj7it 


0.56 




1.42 




*.£ 


311 - 320° F 


352° F ! 




2 - 3 % 






0.04 % 


< 0.04 %(24 8t) 




4000 - 8000 J#/3fc"t 2 77 ° F 
2000 - 3000 f$/$zir 2 212 ° F 




•fiL 


4500 - 7500 f$l$tir 2 77 ° F 
2500 - 3500 2 212 ° F 


7800 2 




0.70 - 0.80 

&$-&$:-f/H£:JL 2 °F 


1.32 £*fl 
t^X. 2 ° F 


>b& 


0.30 - 0.34 

&$-4mr F 


0.23 

&$-&&r f 




25,500 - 30,000 100/#*^ 
450° F 





22 



it !fl % ffi ® 




® lb 



1 



® 2b 





m 3a 



5 




m 3c 

6 



m 4a 




® 4b 

7 
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